Among the 2750 species of the Polish vascular flora, about 500 species are threatened with extinction and 430 of them are strictly protected by national law. The FlorNatur project for the ex situ conservation of the most endangered species was started in 2009. The aim of the project is to collect seeds of 61 species from 161 sites in eastern Poland and store them in the Seed Bank of the Polish Academy of Sciences Botanical Garden -Center for Biological Diversity Conservation in WarsawPowsin. A complementary program is being carried out by the Forestry Gene Bank at Kostrzyca in western Poland. Their task is to collect 58 species from 129 natural sites in the western part of Poland. To date, seeds of 31 species from 56 populations have been collected, tested and stored in liquid nitrogen.
was established in 1991 for long-term seed storage studies. The main goal of the Department of Plant Biodiversity Research and Conservation of PAS BG is collecting and preserving the gene pools of the rarest and most endangered populations of the native Polish flora, primarily, species listed on the National Red List (Zarzycki & Szeląg 2006) or regional Red Data Lists, such as Kucharczyk & Wójciak (1995) , Żukowski & Jackowiak (1995) , Kącki et al. (2003) , Jackowiak et al. (2007) , Nowak et al. (2008) etc.
Whereas most European seed banks use low temperatures, -20°C and drying technology (Gómez-Campo 1972; Puchalski 2004; Pérez-García et al. 2007) , the authors use ultra-low temperature storage in liquid nitrogen for long-term germplasm preservation. This method is rather uncommon for plant materials, however, cryopreservation of seeds and spores has become more and more popular in such countries as the US, Australia, Japan and Russia (Puchalski et al. 2010; Voronkova & Kholina 2010; Ashmore et al. 2011) . Cooling generally enhances dry seed longevity and cryopreservation may ensure long-term (10-100 years) storage of short-lived orthodox seeds (Walters et al. 2004; Pritchard & Nadarajan 2008) . Studies carried out at the PAS BG-CDBC have shown that cryopreservation is a reliable storage method. For example, seeds from 12 endangered Polish species (e.g. Polemonium coeruleum L., Linum flavum L., L. austriacum L., Leontopodium alpinum Cass.) have maintained their viability during 10 years of cryostorage (Muranyi unpublished).
The main advantages of ultra low temperature storage technology are: 1) Reduction of biological activity and seed aging rate -the lower temperature of seed storage results in prolonged life of the seeds. Work on dry lettuce seeds has suggested half-lives of 500-3400 years in cryostorage (vapour-phase and liquid-phase) (Walters et. al. 2004) . 2) Reduction in the need for regeneration -the method can decrease risks related to seed regeneration. When viability of collected seeds fall to "regeneration standard" it is necessary to generate new seed lots. This involves risks to the genetic integrity of the accessions due to selection, genetic drift or hybridization. Because seeds need to be regenerated less often, cryopreservation reduces the risks connected with this process and allows maintenance of genetic fidelity (Engelmann 2004; Ashmore et al. 2011; Puchalski et al. 2014a Puchalski et al. , 2014b ).
The method is particularly suitable and is recommended for seed storage of endangered or endemic species for which only small amounts of seeds are available (Pérez-García 2008; Ensconet 2009).
Material and methods
The "Ex situ conservation of wild endangered and protected plants in Eastern Poland -FlorNaturOB" project encompasses many activities, and uses a combination of different approaches tailored for particular purposes. The major objectives of the project are longterm ex situ plant conservation through seed banking, seed biology research and establishment of field collec- (Graniszewska et al. 2004; Puchalski et al. 2010) and in "FlorNaturLBG" project (Gugała 2010; Jałowska 2011) .
Seed germination tests are the first step for long-term seeds storage in PAS BG-CBDC. The main aim of these tests is seed viability evaluation. It is very important to know seed viability before seeds are deposited in the seed bank. Germination tests also give us information about the biology of germination (dormancy, required temperatures etc.). That information can be useful in the future for eventual reintroduction projects.
When a seed sample is viable and tolerates freezing to liquid nitrogen temperatures (this factor is evaluated in different experiments) it can be stored in the cryobank.
Results
For the species whose seeds have been collected since 2010, 18 have been identified as dormant, 6 as partially dormant and 26 as non-dormant (Table 1) . Nondormant seeds are mostly associated with thermophilous oakwood and grassland habitats, for example the Potentillo albaeQuercetum Libb., FestucoBrometea Br.-Bl. et R. Tx. and DendranthemoSeslerietum variae Grodz. et Jas. in Dzwonko et Grodz. communities.
In most cases dormancy was broken successfully by using 400 ppm giberellic acid (GA3). Stratification was the optimal method for 5 species (mainly partlydormant species, e.g. Saxifraga hirculus L.). There were also 5 species producing hard coated seeds (Allium ro tundum L., Dictamnus albus L., Oxytropis pilosa DC., Scheuchzeria palustris L. and Stipa joannis Čelak.) that germinated after scarification and water imbibition. A. rotundum, D. albus, and O. pilosa were scarified by chipping the seed coat by scalpel, S. palustris by rubbing with sandpaper. S. joannis required the removal of the covering structure.
A particularly interesting group was the species with specific germination temperature requirements. Allium victorialis L., Fritillaria meleagris L., Muscari comosum Mill., Scandix pectenveneris L. and Ranun culus arvensis L. did not germinate under the standard germination temperatures used in the PAS BG-CBDC seed bank, i.e. 25°C/15°C (16h light/ 8h darkness). A. victorialis germinated at a constant temperature of 22°C (16h light/ 8h darkness). F. meleagris, M. comosum, S. pectenveneris and R. arvensis germinated in darkness at temperatures below 10°C.
Most interesting of all was the germination biology of F. meleagris. Seeds of this species did not germinate at 25°C/15°C (16h light/ 8h darkness) or at constant temperature 7°C (24h darkness) -even with addition of GA3. In order to germinate them it was necessary to Biodiv. Res. Conserv. 34: 65-72, 2014 apply alternate temperatures 25°C/15°C (16h light/ 8h darkness) for 2 months and then 7°C (24h darkness) for 3 months. This unusual photoperiod pattern resulted in high germination -80% (Table 2 ).
Discussion
Seed dormancy is one of the main problems associated with the germplasm gathered by Powsin' staff. Dormancy is an adaptation to survive unfavorable environmental conditions, too harsh for seedling establishment and/or for plant maturation. Generally the identified forms of dormancy are divided into five classes which are subdivided into levels of dormancy (Baskin & Baskin 2003) . There are five classes of dormancy: physiological (PD), morphological (MD), morphophysiological (MPD), physical (PY), combinational (PY+PD). Our research presented in this paper has led mainly to the development of optimal methodologies for breaking dormancy and achieiving high germination rates. Accurate classification of each species to a specific dormancy class needs wider investigation. Unfortunately, in our case, this was usually impossible because of the small amount of seeds of most of collected accessions. In some cases like Allium rotundum, Oxytropis pilosa and Scheuchzeria palustris we classified their dormancy as physical and for Dictamnus albus and Stipa joannis as combinational (water impermeable seed coat and physiologically dormant embryo).
Unfortunately, nature conservationists, agrobiologists and foresters have limited knowledge about levels and types of wild species dormancy, ecophysiological constraints and the evolutionary origins of this phenomenon (Nikołajewa 1967; Baskin & Baskin 2003) . A good illustration of insufficient knowledge about generative reproduction and seed is the case of Fritil laria meleagris. This rare Atlantic relic of the Polish flora (Piórecki 2001) (Fig. 1) used to be treated as obligatorily dichogamous and out-crossing. Only recently, the observations of Zych & Stpiczyńska (2012) have shown that selfing is rare, but it does occur, and it can lead to normally developed seeds. It is commonly accepted that fresh Fritillaria' seeds have undeveloped embryos (Zhang 1983) . The embryo in this genus develops further only when temperatures are low and the seed becomes wet (Fig. 2b) . That is the reason why traditional storage methods are not suitable for this species because its seeds quickly lose their viability. Post-dispersal embryo development requires imbibition and the rate of embryo growth increases at ower temperatures. Overall, the temperature preferen ces for F. meleagris' (as well as other Fritillaries associated with open, moist habitats) germination and seedling recruitment are such that in natural localities germination occurs under snow cover or in late winterearly spring coinciding with the snow melt. Gibberellic acid (GA 3 ) does not promote embryo growth and development (Zhang 1983; Carasso et al. 2011) .
The results of our F. meleagris experiments show astrong correlation with the life cycle of this species in natural sites. Seeds are shed in June, but germination occurs in next year's early spring. That is why optimal germination temperatures are 7°C, and no germination took place at 25°C/15°C (16h light/ 8h darkness). Interestingly, seeds placed directly at 7°C on moist filter papers, did not germinate. Seeds germinate only when we preceded 7°C germination by 25°C/15°C (16h light/ 8h darkness) imbibition (Table 2 ). These results show that F. meleagris germination in the seed bank is burdensome because we must apply alternate warm (25/15°C) and cold (7°C) stratification in order to mimic the natural site's conditions in the laboratory.
In some cases, we could try to define species' dormancy or germination requirements (temperature, Seed banking of Polish endangered plants -the FlorNatur Project Jerzy Puchalski et al.
photoperiod) using what we know about related species. For example most Aconitum and Euphorbia species have deep dormant seeds. In laboratory conditions we can break this dormancy only with gibberellic acid (GA 3 ). However, sometimes we found big differences in germination biology within one genus -for example between lowland and mountain species of the Pulsatilla genus.
Most xerothermophilous and dry grassland species tested in the PAS BG-CBDC seed bank (about 80%) show no dormancy and their germination is quite straightforward. But there are also dry grassland species with dormant seeds e.g. Oxytropis pilosa, Dracoceph alum ruyschiana L. On the other hand, most peatland and wet sites' species produce dormant or partly dormant seeds -e.g. Betula nana L., Eleocharis carniolica W. D. J. Koch, Ligularia sibirica Cass., Ostericum palustre Bess., Pedicularis palustris L., Saxifraga hirculus, Viola epipsila Ledeb. But in this group there are also species like Cochlearia polonica Frohl. and Carex secalina which produce non-dormant seeds, that germinate at a wide range of temperatures.
In conclusion, there is not always a clear correlation between a plant's ecology in the wild and its germination biology, so it is necessary to study each collected seed sample.
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